A new chelating resin was synthesized by immobilizing 1-(2-thiazolylazo)-2-naphthol through the -N=N-group on Amberlite XAD-1180. The resin was used for the preconcentration of Cd(II), Co(II), Cu(II), Mn(II), Ni(II), and Pb(II) ions and their determination by flame atomic absorption spectrometry (FAAS). The influences of some analytical parameters, such as the pH, volume of the sample, flow rates of the sample and eluent, matrix components, amount of the resin, and amount and type of the eluent on the recovery, were investigated. Those metals retained on the resin at pH 8.5 were eluted with 25 mL of 2 mol L -1 HNO3. The sorption capacity of the resin was determined, except for Pb(II). The recoveries were found to be ≥95%, and the relative standard-deviation values were ≤4.3%. The detection limits were in the range of 0.1 -3.6 μg L -1
Introduction
Recently, heavy metal pollution in natural water has become a significant topic of concern in various fields associated with water quality. Since heavy metals do not degrade biologically like organic pollutants, their presence in industrial effluents or drinking water is a public health problem due to their absorption, and therefore possible accumulation in living organisms. 1, 2 Thus, the accurate determination of heavy metals has become increasingly necessary to study problems associated with environmental water pollution. Atomic absorption spectrometry (AAS), inductively coupled plasma-atomic emission spectrometry (ICP-AES) and inductively coupled plasma-mass spectrometry (ICP-MS) are available techniques for the determination of trace heavy metals with sufficient sensitivity for most of applications. [3] [4] [5] However, the direct determination of trace metals in real matrices is difficult because of their low concentrations and strong interference from the sample matrix. For this reason, it is an important necessity to subject samples to a separation/preconcentration procedure before determining trace metals. 6, 7 There are many methods for separation and preconcentration, such as ion-exchange, 8 liquid-liquid extraction, 9 coprecipitation 10,11 and solid-phase extraction. 12, 13 Among these, solid phase extraction is commonly used, and is a very favorable technique. 14 In preconcentration studies performed by utilizing solid-phase extraction for trace metal ions, many natural and synthetic sorbent materials are used as the column filling material. Among these, silica gel, 5, 12 cellulose, 15, 16 activated carbon, 17, 18 Amberlite XAD resins, 19, 20 biosorbents 21 and various polymers 22 are the most widely used support materials. It is necessary that the retention of metal ions on a solid sorbent for preconcentrating purposes occurs when using a solid-phase extraction procedure. The mechanism of this retention depends on the nature of the sorbent, and may include simple sorption, chelation, ion-exchange or ion pairing. 14 In solid-phase extraction studies being performed by the formation of a chelate compound, a chelating agent may be directly added to the sample, and metal-chelates formed are retained on an appropriate sorbent. An alternative is to introduce a functional chelating group into the sorbent. For this purpose, three different means are available: (1) the synthesis of new sorbents containing functional groups (new sorbents); [23] [24] [25] (2) the chemical bonding of functional groups on existing sorbents (functionalized or immobilized sorbents); [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] and (3) the physical binding of the groups on the sorbent by impregnating the solid sorbent with a solution containing the chelating ligand (impregnated, coated or loaded sorbents). [43] [44] [45] Chelating resins produced by the immobilization of ligands (or functional groups) were succesfully used for solid-phase extraction, since they provide some advantages, like a high sorption capacity, high enrichment factor, and endurances towards to organic and inorganic solvents. Due to these properties, the chelating resins also have applications in the separation and/or preconcentration of metal ions from various water samples and/or aqueous solutions. 46 1-(2-Thiazolylazo)-2-naphthol forms complexes with most transition metal ions. In an acidic solution, 1:1 chelates are predominantly formed, whereas in basic solutions 1:2 chelates are formed. The complexes are essentially insoluble in water. 47 It has also been used in some preconcentration studies containing solid-phase extraction and cloud-point extraction as a chelating reagent.
synthesized resin as a column supporting material, a separation/preconcentration method was developed for the determinations of Cd(II), Co(II), Cu(II), Mn(II), Ni(II) and Pb(II) ions present at trace levels in water samples by flame atomic absorption spectrometry (FAAS). The proposed method was optimized by investigating the effects of some analytical parameters, such as the pH, amount of resin, type and concentration of the eluent, volumes of the sample and the eluent, flow rates of the sample and the eluent, and matrix components on the recovery. The sorption capacities of the resin for Cd(II), Co(II), Cu(II), Mn(II) and Ni(II) were calculated separately based on Langmuir sorption isoterm studies made under the optimum conditions. The precision as the percent relative standard deviation and the method detection limits were studied. The proposed method was successfully applied to wastewater, lake-water and tap-water samples, and its accuracy was tested by using a certified reference material (TMDA-62).
Experimental

Apparatus
FAAS measurements of the metals were made using a PerkinElmer Model 3110 atomic absorption spectrometer with an air-acetylene flame. The operating parameters were those recommended by the manufacturer. All measurements were carried out without any background correction. Also, pH measurements were made with a Consort 533 pH-meter combined with a glass electrode. Infrared analyses of the synthesized chelating resin were performed with a Jasco Model 460 FT-IR spectrometer.
Reagent and chemicals
Unless otherwise stated, all chemicals used in the experimental work were of analytical reagent grade, and all solutions were prepared with deionized water. Stock solutions of the metals were prepared by dissolving their nitrate salts in 1 mol L -1 HNO3, and working solutions were prepared daily by stepwise dilution of the stock solutions. Hydrochloric and nitric acid solutions, which were used as eluents, were prepared by direct dilution from concentrated acid solutions (Merck, Darmstadt, Germany).
Any pH adjustments were made by using NaH2PO4/H3PO4 (pH 2 -3), CH3COONH4/CH3COOH (pH 4 -6), NaH2PO4/Na2HPO4 (pH 7), and NH3/NH4Cl (for pH 8 -10) It was dried at 105 C in an oven. 1-(2-Thiazolylazo)-2-naphthol (TAN) chelating reagent was purchased from Merck (Germany). TMDA-62 fortified lake water certified standard reference material was supplied by National Water Research Institute, Environment Canada; it was prepared from Lake Ontorio water, filtered, diluted and preserved with 0.2% nitric acid (Burlington, ON, Canada). The laboratory glassware and plastic vessels were treated with dilute (1:1) HNO3 acid for 24 h, and then rinsed with distilled water before use.
Synthesis of the AXAD-1180/TAN chelating resin
The AXAD-1180/TAN chelating resin was synthesized as earlier reported in the literature. 28, 29 First, 5 g of Amberlite XAD-1180 resin was slowly poured into a 250-mL beaker containing 10 mL of conc. HNO3 and 25 mL of conc. H2SO4 by stirring (in a hood). The mixture was heated at 60 C for 1 h, and then taken into an ice-water mixture and filtered. The nitrated resin was repeatedly washed with water until free from any acids. It was added to a reducing mixture of 40 g of SnCl2, 45 mL of conc. HCl and 50 mL of ethyl alcohol, and thereafter heated at 90 C for 12 h under a reflux system. After filtering off, the aminated resin was washed with some water, 50 mL of 2 mol L -1 NaOH, and 50 mL of 2 mol L -1 HCl, respectively, and then washed again with water to remove excess HCl. After the aminated resin was taken into an ice-water mixture, 100 mL of 1 mol L -1 HCl, and then 75 mL of 1 mol L -1 NaNO2 were slowly added to it at 0 -5 C. The diazotized resin was quickly filtered, washed with ice-water and added to a solution of 1-(2-thiazolylazo)-2-naphthol (5 g of TAN dissolved in 100 mL of 10% NaOH in methanol, w/v) at 0 -5 C for 24 h. To remove any impurities, and free TAN retained on the resin (resulted from the reaction), the resulting brown-colored resin beads were filtered, and then washed with 4 mol L -1 HNO3, acetone, and water, respectively. It was dried in air and then maintained in a desiccator until use. The whole synthesis procedure of the chelating resin is shown in Fig. 1 .
Method development
In order to develop the proposed method for the determination of Cd(II), Co(II), Cu(II), Mn(II), Ni(II) and Pb(II) ions present at trace levels in various water sample, some important analytical parameters such as the pH of aqueous solutions; the amount of chelating resin; the type, concentration, and volume of the eluent; the flow rates of the sample and the eluent; the sample volume; the effects of foreign ions were examined and optimized. The optimum conditions of the method were as follows: pH, 8.5; amount of the resin, 100 mg; eluent, 25 mL of 2 mol L -1 HNO3; flow rate of sample, 5 mL min
; flow rate of the eluent, 4 mL min -1 ; sample volume, 250 -1500 mL. There was no observed significant interference effect from synthetic seawater samples, except for Co and Mn; the interferences appeared at dilution ratios higher than 1:10 and 1:2, respectively.
Recommended analytical procedure for separation and preconcentration
A 100-mg portion of Amberlite XAD-1180/TAN resin was slurried in water, and poured into a glass column (100 mm in length and 10 mm in diameter). A small amount of glass wool was placed at both ends to prevent any loss of the resin beads during sample loading. The column was preconditioned by passing a buffer solution (pH 8.5) before each sample loading process. A 50-mL portion of the test solutions containing 10 μg of Cu(II), Ni(II) and Co(II) (from each one); 20 μg of Pb(II); 2.5 μg of Cd(II) and 5 μg of Mn(II) ions, after adjusting its pH to 8.5 using NH3/NH4Cl buffer solution, was passed through the column at a flow rate of 5 mL min -1 . The column was washed with 5 -10 mL of deionized water. The metal ions retained on the column were eluted with 25 mL of 2 mol L -1 HNO3 at a flow rate of 4 mL min -1 . After evaporation of the eluate on a heater near to dryness, it was taken into 5 mL of 1 mol L -1 HNO3. The concentration of the metal ions in the final solution was determined by FAAS.
Preparation of water samples
A lake-water sample was collected from Seyhan Dam Lake in Adana, Turkey, and tap-water sample was obtained from our research laboratory using polyethylene containers cleaned with nitric acid (1:1, v/v). The water samples were acidified with conc. HNO3 to pH ~2 just after collecting. Once the water samples had came to the laboratory, they were heated at 80 C for 30 min to digest potential humic and fulvic acid complexes of metals. After cooling the samples to room temperature, they were filtered through cellulose acetate membrane filters (0.45 μm pore size) in order to eliminate any particulate and/or insoluble materials before analysis.
The untreated and treated wastewater samples were taken from the wastewater treatment plant of Kayseri, Turkey, and then just acidified with HNO3 to pH ~2. The samples were filtered off blue ribbon filter papers (Whatman). To oxidize organic matter, 50 mL of conc. HNO3 (65%, w/w) was added to 500 mL of the wastewater sample in a beaker. It was evaporated to near dryness. After cooling, 50 mL of conc. H2O2 (35%, w/w) was added to the beaker, and then the evaporation was continued to near dryness. The moisty residue was taken into a solution with water, and then filtered through a membrane filter using some hot 1 mol L -1 HNO3, and finally diluted to 500 mL with deionized water. Aliquots of 50 mL of the sample solutions were analyzed by using the recommended procedure.
Results and Discussion
Characterization of the AXAD-1180/TAN chelating resin
Infrared spectra of TAN reagent, AXAD-1180 resin and the synthesized AXAD-1180/TAN chelating resin were obtained using the potassim bromide technique. Additional peaks in the IR spectrum of the AXAD-1180/TAN resin that do not appear in the spectrum of the AXAD-1180 resin are at 3430, 1690 and 1610 cm -1 , which indicates the functionalization of Amberlite XAD-1180 resin by TAN. These peaks are characteristics of -O-H, >C=N-and -N=N-vibrations, respectively.
Effect of the pH
The pH is an important parameter to obtain quantitative extractions of metal ions. The influence of the pH of the sample solution on the separation/preconcentration efficiency of Cd(II), Co(II), Cu(II), Mn(II), Ni(II) and Pb(II) ions was investigated. For this purpose, the pH values of test solutions (50 mL) containing metal ions (between 2.5 -20 μg) were adjusted to 2 -10 by using appropriate buffer solutions. The results are depicted in Fig. 2 . All of the elements studied were quantitatively recovered (R >95%) at between pH 8 and 9. For all subsequent work, pH 8.5 was used as the optimum pH.
Effect of the amount of chelating resin
The effect of the amount of resin on the recoveries of Cd(II), Co(II), Cu(II), Ni(II), Mn(II) and Pb(II) ions was investigated with the amounts changing between 50 and 150 mg; 50 mL portions of test solutions, buffered to pH 8.5 with NH3/NH4Cl solution. The elution was performed with 25 mL of a 2 mol L -1 HNO3 solution. The recovery values of all analyte ions were in the range of 94 -103% for amounts of 50, 75, 100, 125 and 150 mg of the chelating resin; 100 mg of the resin was used in all subsequent experiments.
Effect of the type, concentration and volume of eluent
It is necessary to use an appropriate eluent for the quantitative recovery of the retained analytes on the resin. In different volumes (10 -25 mL) and concentrations (1 -3 mol L -1 ) nitric and hydrochloric acid solutions were tested to desorp the retained metal ions from the chelating resin. As can be seen from Table 1 , 25 mL of a 2 mol L -1 HNO3 solution was found to be optimum for satisfactory results (R > 99%) for all of the studied elements. Thus, 25 mL of a 2 mol L -1 HNO3 solution was chosen as the eluent in all subsequent experiments. 
Effect of the sample and eluent flow rates on recovery
The metal ions existing in the sample solution are retained on the column by complexing with Amberlite XAD-1180/TAN resin. The necessary retention time for each analyte ion differs from each other, because they have different complex formation constants with the TAN reagent anchored to the resin. For this reason, the sample flow rate through the resin should be low enough to enable an efficient retention of the analytes, and also be high enough to avoid excessive duration. In addition, the eluent flow rate should be correctly adjusted so as to ensure quantitative elution. The influence of the flow of rates both the sample and the eluent on the recoveries was investigated in the range of 1 -6 mL min -1 under the optimum conditions (pH, 8.5; eluent, 25 mL of 2 mol L -1 HNO3; sample volume, 50 mL; resin amount, 100 mg). The recovery values of all metal ions were quantitative for sample flow rates of 1 -6 mL min -1 , and changed between 95 and 103%. The recoveries of the metal ions for eluent flow rates of 1 -5 mL min -1 were in the range of 95 -102%. Therefore, for all further studies the sample and eluent flow rates were chosen to be 5 and 4 mL min -1 , respectively.
Effect of the sample volume
The solid-phase extraction technique is a common procedure for the extraction and separation from large volumes to obtain a high enrichment factor. Under the optimized conditions, the effect of the sample volume on the efficiency of recovery was examined by passing 50, 100, 250, 500, 750, 1000 and 1500 mL of test solutions containing 10 μg of Cu(II), Ni(II) and Co(II); 20 μg of Pb(II); 2.5 μg of Cd(II) and 5 μg of Mn(II) ions through the column. As can be seen from Fig. 3 , quantitative recoveries were obtained with sample volumes of up to 250 mL for Co(II), up to 500 mL for Cu(II) and Cd(II), up to 1000 mL for Pb(II), and up to 1500 mL for Mn(II) and Ni(II) ions. The enrichments factors were found to be 50 for Co(II), 100 for Cu(II) and Cd(II), 200 for Pb(II), and 300 for Mn(II) and Ni(II) ions when the final measurement volume was taken to be 5 mL.
Sorption isotherm
The sorption isotherm and the sorption capacity of the resin for Cd(II), Co(II), Cu(II), Mn(II) and Ni(II) ions were studied by using the column method at room temperature. The amount of the sorbent was 100 mg and the pH of the solutions was 8.5 (see Table 2 Fig. 4a ). The sorption capacity (nm) of the chelating resin for the metal ions was obtained by using the Langmuir's equation 29 based on:
where n is the amount of metal ion per gram of the resin (mg g -1 ), C the equilibrium concentration (mg L -1 ) of metal ion in solution, K the binding equilibrium constant (L mg -1 ) and nm the maximum sorption capacity of the resin (mg g -1 ). The plot of C/n against C would be a straight line (see Fig. 4b ), and then nm and K can be obtained from the slope and intercept of the plot, respectively.
Langmuir sorption plots for each metal ion obtained by the least-squares method were well-fitted with Eq. (2). The correlation coefficients (r ≥0.999) indicated that Langmuir's isotherms are an adequate description of the sorption of the metal ions on the resin. Afterwards, the maximum sorption 
Effect of the major components in seawater
One of the main purposes for the preconcentration of trace elements is to prevent the analyte from the interference effects of the matrix at the determination step by separating the analyte(s) from the matrices. Optimization of this method was performed using test solutions containing pure water, buffer solution and the analyte ions. However, seawater contains many interferent components at high levels with respect to the test solutions. Because of this reason, the possible influence of matrix ions present in seawater was examined. The effect of potential interfering ions on the recovery of the metal ions was investigated by using synthetic seawater, which was prepared according to the literature. 11 The composition of the synthetic seawater (1 L) was as follows: 23.476 g of NaCl, 4.981 g of MgCl2, 3.917 g of Na2SO4, 1.102 g of CaCl2, and 0.664 g of KCl. The prepared synthetic seawater samples were diluted at ratios of 1:40, 1:20, 1:10, 1:5, 1:2 and 1:1 with deionized water, and recovery studies were performed with 50 mL aliquots of these solutions. As can be seen from Table 3 , the recoveries (%) for Cu(II), Ni(II), Pb(II) and Cd(II) ions were quantitative for all dilutions, but decreased for Mn 2+ and Co 2+ ions at 1:1 and 1:10 dilutions, respectively. This may be explained by an increasing interference effect of the matrix on the retentions of Mn(II) and Co(II) ions.
Evaluation of the method performance
The precision of the method under the optimum conditions was determined by performing seven successive retention and elution cycles, followed by FAAS for 50 mL of aqueous solutions. The mean recovery and relative standart deviation values for the metal ions were found to be in the range of 97.4 -99.6 and 2.1 -4.3%, respectively.
In order to determine the detection limit values (DL), the proposed method was applied to twenty blank solutions (50 mL). The DLs obtained as concentration corresponding to three times the standard deviation of the blank solution were 0.3, 3.6, 0.8, 0.1, 0.2, and 1.1 μg L -1 for Cd(II), Co(II), Cu(II), Mn(II), Ni(II), and Pb(II), respectively. In calculating the detection limits, the preconcentration factors (50 for Co(II), 100 for Cu(II) and Cd(II), 200 for Pb(II), and 300 for Mn(II) and Ni(II)) were taken into consideration.
The accuracy of the proposed method was verified by an analysis of the certified reference material (TMDA-62, fortified lake water). The results show that the proposed method was in good agreement with the certified values (see Table 4 ).
In addition, the accuracy of the method was also tested by performing recovery studies for water samples: (i) dam lake water, (ii) tap water, (iii) wastewater (both inlet and outlet). a. Sample volume = 50 mL, n = 3. For this purpose, the described method was applied to spiked water samples with Cd(II), Co(II), Cu(II), Mn(II), Ni(II) and Pb(II) ions. The results are given in Tables 5 and 6 .
The recoveries were found to be 98, 73, 100, 25, 95 and 96% for Cd(II), Co(II), Cu(II), Mn(II), Ni(II) and Pb(II), respectively, in the dam lake water ( Table 5 ). The recoveries were not quantitative for Co(II) and Mn(II), probably due to matrix effects. The concentration of Ni(II) in the lake water was found to be 3.6 μg L -1 , while the concentrations of other metal ions were below their detection limits.
The recoveries for Cd(II), Cu(II), and Ni(II) ions were found to be quantitative, while Mn(II), Co(II) and Pb(II) ions were not recovered quantitatively in tap water. The concentration of Cu(II) in tap water was found to be 3.8 μg L -1 ; the others were below the detection limits. The Cd(II), Cu(II), and Ni(II) ions were recovered quantatively, but the others did not have satisfactory recovery values ( Table 5) .
The recoveries of Cd(II), Co(II), Cu(II), Mn(II), Ni(II) and Pb(II) in inlet wastewater were in the range of 94 -102%, while in outlet wastewater values were in the range of 91 -102%, except for Co(II). These results indicated that the developed preconcentration method for Cd(II), Cu(II), Mn(II), Ni(II) and Pb(II) was not affected by the potential interferences from the major matrix components of the wastewater sample (see Table 6 ).
Comparison with other chelating resins
The sorption capacities and preconcentration factors of the presented resin were compared with those of other promised chelating resins, as shown in Table 7 .
Comparisons of the sorption capacities of Amberlite XAD-1180/TAN with those of Amberlite XAD-1180, XAD-2, XAD-4 and XAD-7 supported resins show the superiority of the present resin for sorption of the trace metal ions over thiosalicylic acid, 30 chromotropic acid, 31 pyrocatechol violet, 32 pyrocatechol, 33 o-aminophenol, 20 tiron, 34 pyrogallol, 35 quinalizarin, 36 2-(methylthio) aniline, 37 2,3-dihydroxypyridine, 38 xylenol orange, 39 o-aminobenzoic acid, 19 and TAN (impregnated). 52 Better or comparable sorption capacities for the metal ions are shown by the present resin when compared with the other chelating resins.
The enrichment factors of the presented method for the investigated metal ions are beter 20, 32, [34] [35] [36] 39, 52 than, or comparable 30, 31, 37, 38, [40] [41] [42] to, the other chelating resins.
Conclusion
We developed a solid-phase extraction method by using AXAD-1180/TAN chelating resin. This method provides a simple, sensitive, precise, reliable and accurate technique for the , enrichment factors (50 to 300) and high sorption-desorption cycles for all metal ions.
The chelating resin was quite stable with a recycling period greater than 200 cycles, without any significant loss in its quantitative recovery properties for the metal ions. The results acquired from analyzing the certified reference material (TMDA-62, lakewater) confirmed the reliability of the method. The proposed technique can be applied to environmental water and solid samples for the determination of traces of the studied metal ions.
